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Oceanic Response to Atmosphric Pressure Forcing
Kirk R. Whitmer, Lakshmi H. Kantha, and George Born

The purpose of this reserach is to attempt to accurately model the response
of the sea surface height to the inverted barometer forcing. The impetus for this
research is twofold: to better understand the nature of this effect and to apply
these values as improved corrections to satellite altimetry records. Currently
corrections are made to the altimetry record employing a model that makes as-
sumptions of a static atmosphere in equillibrium. These assumptions have the
potential to create errors. To improve this, it was decided to employ a barotropic
numerical ocean model. A North Pacific model domain was selected because of
the availability of both a large deep ocean basin and numerous adjacent marginal
and semi-enclosed seas. Model runs are also being completed to analyze not only
the surface pressure’s effects, but also any induced influence in conjunction with
the winds. Analysis of some preliminary 1 month runs showed the errors to the
static response in the semi-enclosed and marginal seas to be much higher than
that experienced in the open basin, and in some locations the error was of a
comparable magnitude. Two year runs (1993-1994) are in the process of being
completed and analyzed more fully. The length and time were selected to provide
information of potential annual signals and the T/P mission, respectively. The
analysis includes standard deviation, Fourier Transforms, wavelets and principal
component analysis (EOF’s), with emphasis on the semi-enclosed and marginal
seas. Analysis to this point shows the errors to the static response in these re-
gions to be affected by each basin’s bathymetry, shape, and flow constraints. The
analysis techniques employed help to understand the specifics of these character-
istics. The principal component analysis will be employed in conjunction with
T/P altimetry data.

1 Scientific Description

The purpose of this research is to attempt to accurately model the response of the sea surface
height to atmospheric pressure forcing or the inverted barometer effect. These results can
then be put to two uses: First the results can be studied to attain a better understanding
of the effect. This research will primarily be concerned with “yellow-water” oceanography
or the semi-enclosed and marginal seas and shelf regions. This is because these areas have
largely been neglected in this field of study and as expected, preliminary results have shown
the response to be far greater in these regions and less predictable. Second, once the inverted
barometer can be accurately modeled, the results can be used as a correction to the altimeter
record. The removal of these values from the altimetry GRD’s will allow scientists to clearly
study the remaining oceanographic features.

The inverted barometer effect is described as an inverse response of the sea surface height
to changes in atmospheric pressure. The relationship is derived from the hydrostatic equa-
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tion. Allowing for average values produces a relationship of a lcm increase in sea surface
height for each 1mb drop in ambient atmospheric pressure. The existence of this effect has
been demonstrated both through the use of tide guages and altimetry data.

In the derivation of this relationship some assumptions are made. Namely that the at-
mospheric system is stationary and that there is sufficient time for the entire system to reach
a state of equillibrium. Of course these conditions are rarely if ever achieved in our earth’s
constantly changing environment, thus inducing errors to this “static” appoximation. Cur-
rently, this is the method used in correcting the altimeter data record, with the assumption
that the errors are small enough so as to be negligible. However the high precision of mod-
ern altimeters like T/P draw closer scrutiny to this assumption. To better model the total
inverted barometer response it was decided to employ a numerical barotropic ocean model.

An initial set of three runs were completed. Each run was for the same 31 day time
period beginning February 18, 1993. The three runs were made with the model forced by:
(1) only surface pressure, (2) only wind stress, and (3) both surface pressure and wind stress.
Differencing and comparison of these runs would be used to examine if there is any residual
signal iduced by the interaction of the pressure and winds. This is an important consideration
as the pressure cells are the source of winds. A North pacific domain from 10°S to 66°N was
selected because it provides a large basin region with numerous semi-enclosed and marginal
seas. The model has a resolution of 0.5° which is very high for this domain size. The model
was sampled in two ways: twice per day at each grid point, and a simulated T/P altimeter
was continually flown to sample the model. _

These initial runs demonstrated the errors to generally be an order of magnitude less
than the static inverted barometer response. In the shallower regions, however, the errors
were seen to be of the same magnitude or greater than the static response. As expected a
strong latitudinal response was seen; the magnitude of the pressure reponse was quite small
in the equatorial zone (a few centimeters) and increased an order of magnitude in the higher
latitudes. Also, comparing the results from the three runs showed that the combination of
the wind and pressure in the model run did produce response that could not be accounted
for by the response from just the wind forcing or pressure forcing alone . This reponse was
minimal at best in the open ocean (generally lcm or less), but became significant in the
shallow regions such as the marginal and semi-enclosed seas. In some cases this contribution
was of the same magnitude as the errors from the static case. Thus both forces are important
in studying the oceans inverted barometer response, particuarly in shallow water.

A second run of one year (1993, so as to coincide with T/P) was then begun for pressure
forcing only. The domain was also expanded to 20°S to allow a better equatorial analy-
sis. When completed a much fuller analysis of the data was done than in the preliminary
three runs. This analysis included statistics (standard deviation), Fourier transforms, and
wavelets. This analysis was focused more on the behaviour in the semi-enclosed and marginal
seas. The errors in these regions was seen to be as high or higher than the static response in
some cases, especially the shallowest regions. The combination of these analysis techniques
demonstrated the uniques responses generated by each individual semi-enclosed or marginal
sea. It appears that bathymetry, shape, and flow-contraint into the region all have a bearing




on the response, with bathymetry dominating as it gets shallower. Figure 1 shows both the
large error response in the shallow regions and also demonstrates the latitudinal nature of
the inverted barometer response.

Currently the pressure only run is being extended to two years (1993-1994) and the other
two scenarios: winds only and winds and pressure, are being completed to provide informa-
tion on any potential annual signals. The aforementioned analysis techniques will then be
applied to this data along with the addition of principal component analysis (EOF’s). The
principal component analysis will be done incorporating the T/P altimetry data. The results
of this analysis should give both a better understanding of the ocean’s inverted barometer
response and aid in validating the model results. The use of the principal component analysis
will begin with a study in the Yellow Sea. This research is being done in conjuction with
Dr. Gregg Jacobs of the Naval Research Laboratory for part of a larger study on the Yellow
Sea.

Finally the model results will be applied to the T/P data and a comparative analysis
done to the currently accepted corrected data. This improved correction should improve the
precision of the altimetry record for the remaining signals, especially in the shallow water
regions.

2 Summary

Preliminary results from the model have demonstrated it to be a valuable tool in approx-
imating the inverted barometer response. As expected, the errors from the static inverted
bartometer approximation, currently employed with satellite altimetry, are much larger in
the shallow regions such as marginal and semi-enclosed seas. The numerous analysis tech-
niques brought to bear on the model data indicate that the bathymetry, shape, and flow
constraint all work to influence this response. It has also been seen that a response is in-
duced through the interaction of the winds with the surface pressure. Further analysis of
this phenomenon must be carried out to better understand it. The better understanding of
this effect and the improved modeling of it will aid the analysis of the remaining signal in
the data of satellite altimeters, especially the high precision data of T/P.
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Figure 1: The standard deviation of: the traditional or static inverted barometer (bottom),
and the associated errors as predicted by the numerical model(top), are plotted for various
positions throughout the North Pacific domain. Deep ocean basin locations are plotted in
black and semi-enclosed and marginal sea points are white. Locations are arranged in order
of ascending latitude. Note that different scales are employed for the two quantities.
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